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Common philosophy in control theory is the control of disorder by order. It is not exceptional for
strategies suppressing quantum decoherence. Here we predict an anomalous quantum phenomenon.
Suppression of decoherence can be made via more disordered white noise field, in particular white
Poissonian noise. The phenomenon seems to be another anomaly in quantum mechanics, and may
offer a new strategy in quantum control practices.
Decoherence is the deterioration of quantum informa-
tion in a system due to inevitable interactions with the
environment or bath [1–5]. Suppression of decoherence
is one of the paramount challenges in quantum control
practices and requires accurate control of the system dy-
namics by time-dependent fields such as laser pulse se-
quences. Here we predict an anomaly: suppression of
decoherence can be made via uncontrollable white noise
field. By increasing the strength of noise signals, a two-
level system becomes less coupled to its environment and
even remains nearly intact for a period of time. The
aberrant effect reveals a different physical mechanism in
quantum control theory, and in practice may offer the
possibility of control by uncontrollable white noise: con-
trol of decoherence with no control.
Noise is a source of disorder. White noise, whose spec-
trum has equal power within any equal interval of fre-
quencies, is the extreme of disorder in comparison with
coloured noise. Over a decade ago, people began to no-
tice in classical systems that noise leads not only to nui-
sance but also to advantages. A remarkable example is
that an external coloured noise can suppress the intrinsic
system white noise [6, 7]. While it is a surprise, the phe-
nomenon fits well with common philosophy: control of
disorder by order. The philosophy has been carried out
in classical noise control and extended to suppression of
decoherence in quantum dynamical processes. External
field control of quantum decoherence dates back to the
spin echo technique [8]. This technique is used to sup-
press the inhomogeneous spin dephasing by applying a pi
inversion pulse and has been developed to tackle general
decoherence [9–17]. The philosophy, control of disorder
by order, remains the same for either the classical or the
quantum mechanical. Now the predicted anomaly is op-
posite to the common philosophy. Our discovery reveals
that the most disordered white noise can control less dis-
ordered decoherence, which can be characterized by a
quantum stochastic process with colored noise. Seeing
that the setting in use is exclusively quantum mechani-
cal, it appears that the phenomenon is another anomaly
in quantum mechanics, in particular in open quantum
system.
In quantum mechanics, a dynamical process of the sys-
tem plus the environment is governed by the total Hamil-
tonian,
Htot = HS(t) +HB +HSB, (1)
where HS(t) and HB are the system Hamiltonian, em-
bedded with white noise, and the environment Hamilto-
nians. The system dynamics is normally characterized by
a variety of master equations, after tracing out the envi-
ronment. The system-bath interaction HSB is the source
of decoherence.
Results
Protocol of decoherence suppressions with no
control. We now come to introduce our protocol of de-
FIG. 1. Sketches of (a) dissipative process of a two-level sys-
tem induced by its environment, (b) dissipation suppressed
by white noise.
coherence suppressions, in particular suppression of dis-
sipation. Dissipation is a decoherence process where the
populations of quantum states vary due to involvement of
the environment. Provided that a two-level system is in
its excitation state, the environment induces the system
to give off energy and to decohere to the ground state
[Fig.1(a)]. If nature happens to have the desired white
2noise or we artificially apply such noise signals on the sys-
tem, the decoherence can be suppressed [Fig.1(b)]. This
required noise is described by c(t) = η(J,W, t), where η
is white noise, in particular the biased Poissonian white
noise and J is the noise strength [18]. We name the
average time interval between two neighbour noise sig-
nals as 1/W ≡ T/n, where T is a time scale, different
for different systems, and n is the noise arrival num-
ber [18]. When 1/W goes to zero, c(t) corresponds to
the continuous-time white noise process, where J is the
only parameter. If 1/W is finite, c(t) can be the biased
Poissonian white shot noise, which is essentially different
from well-controlled pulse sequences, idealized or non-
idealized. We can tune the parameter W towards the
continuous-time limit. In what follows, we shall incor-
porate c(t) into the two-level system to display physical
effects.
Fidelity preserved by white noise. Consider a
dissipative model for the two-level system, described
by a non-Hermitian Hamiltonian in the exact quantum
Stochastic Schro¨dinger equation [See Method] [19, 20],
Hss(t) = [ω + c(t)]σz/2 + iz
∗
t gσ− − igQσ+σ−, (2)
where ω is the bare-energy spacing and g is the cou-
pling strength between system and environment. c(t)
is the above-mentioned white noise signal and Q sat-
isfies a nonlinear differential equation Q˙(t) = gγ/2 +
[−γ + iω + ic(t)]Q + gQ2, with a boundary condition
Q(0) = 0 [17]. The correction function of this process
is G(t, s) = γ2 e
−γ|t−s|. Here γ characterizes the environ-
mental memory in the Ornstein-Uhlenbek process and
is inversely proportional to the environmental memory
time. The values of γ can be used to somehow deter-
mines the degree of Markovianity. The larger γ is, the
more Markovian the environment would be. γ → ∞
corresponds to the environmental white noise model and
indicates the Markov limit. The environmental noise is
formulated as z∗t+∆t = z
∗
t − γz
∗
t∆t +
√
∆t/2γw∗, where
w∗ is a complex Wiener process [17].
Suppose that the system initial state is |ψ0〉 = |1〉.
The fidelity F(t) ≡
√
〈ψ0|ρt|ψ0〉, qualifying the survival
probability, evolves according to
F(t) = e−
∫
t
0
dsR[Q(s)], (3)
where R[·] is the real part of the input function. Below
we will numerically study behaviors of the fidelity in the
short-time regime to determine the effect of white noise
signals.
Figures 2(a) and 2(b) show F(t) vs time for γ = 0.2
and 0.5, subject to different c(t). Suppression of dissi-
pation is excellent in all cases with a bigger value of W ,
yet better in less Markovian environment. On contrast,
the fidelity decays rapidly with time in absence of c(t).
Different values of W match different physics. Smaller
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FIG. 2. F(t) vs time. The environmental memory parameter
γ is taken as 0.2 and 0.5 respectively. We compare the free
dynamics (green-solid lines) with those subject to different
noises, red linesW = 1000/T and blue linesW = 200/T . The
solid lines, dashed lines and dotted lines represent different
strength J = 15ω, 8ω and J = 3ω respectively. Here ωT = 5
and g = 0.4ω.
W corresponds to a sequence of shots with random am-
plitudes and sparser random arrival moments, illustrated
byW = 200/T . It suppresses dissipation to some extent,
but not as efficient as big W . The results show that for
different values of big W (here W = 1000/T ) the fidelity
is asymptotic to an identical curve, as shown by the red
solid lines in both figures. These red soild curves cor-
responds to the continuous-time white noise process. It
shows that continuous-time white noise signals prevent
the system from dissipation.
The quantity of suppression by continuous-time white
noise relies mostly on the noise strength J and environ-
mental non-Markovianity γ. The two figures show clearly
that the larger J is, the better the quality of suppression
is. To this end, we may employ J as large as physically
possible. Even so, the additional average energy spacing
of the stochastic c(t), determined by J . remains small.
The parameter γ seriously influences the quality of sup-
pression as well. Suppression works worse at γ = 0.5 than
at γ = 0.2, and even worse when the environment be-
comes more Markovian. Eventually, the suppression will
not work in a complete Markovian environment (γ →∞)
3corresponding to quantum white noise. Interestingly, this
shows that white noise cannot suppress white noise, i.e.
complete disorder cannot suppress complete disorder.
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FIG. 3. Parameter thresholds and effective regions at two
moments. Fidelity where F > 0.99 is distinguished. The
non-Markovian environment is characterized by γ = 0.2. Here
ωT = 5 and g = 0.4ω.
Now we look into the detailed roles that the noise
strength J and W play. Figure 3 plots the fidelity con-
tour as a function of J and W at two time moments
t = 50T and t = 100T . The regions where F > 0.99
are highlighted. The fidelity is saturated at W > 600/T
for both figures, where a discrete random pulse sequence
becomes the continuous-time white noise. While the fi-
delity is excellent even when J is not very big, it seems
not to be saturated with J . The bigger J is, the better
the fidelity is.
The numerical results presented by figures could be
valid for various physical systems with corresponding
characteristic values of T . For example, for a supercon-
ducting flux qubit ω is approximately 109 − 1010Hz [21].
The relaxation time is T1 ≈ 1µs so that the time scale
T ≈ 5nm and the dimensionless ωT ≈ 5 as taken in Fig.
2(a). The required noise strength J should be more than
109Hz in order to successfully suppress decoherence.
Discussion. The perfect suppression could be justified
by the following argument. By the integrating over the
equation of motion (5), we will always be able to write,
〈ψ0|ψ∞〉 − 1 =
∑
αβ
∫ ∞
0
Nαβ(t)hαβ(t)dt, (4)
for a long time limit, where α’s denote a set of complete
bases. Here N(t) and h(t) represent a noisy matrix and
a system dynamical matrix (see example in Method). If
each nonzero element of N is a fast-varying noise func-
tion of time whereas h is much slower and weaker, the
integral of each term Nαβ(t)hαβ(t) could be zero since
strong oscillation of the fast one will wash out accumu-
lation of the slow function. Our numerical results show
that Nαβ(t) is much stronger than hαβ(t) when the noise
strength J is strong. In our case, N(t) ∝ e−i
∫
t
0
c(s)ds and
h(t) = −Q(t)〈ψ0|ψt〉 are c-numbers. The bigger values
of J , h(t) is slower and weaker than N(t). When h(t) is
so slow in comparison with N(t) that it can be treated as
time independent, it is easily to prove
∫∞
0 N(t)dt = 0 for
white noise c(t), which appears to be a unique feature of
continuous-time white noise.
The signal c(t) mimics white noise in natural processes
and is also associated with the natural dephasing pro-
cesses. Our results show that the existence of c(t), or de-
phasing, significantly inhibits the dissipation. This well
explains the reality where the relaxation time T1 is longer
than the dephasing time T2 for all systems.
Method
Consider the system-bath interaction HSB = LB
†+L†B
for simplicity. The exact stochastic Schro¨dinger equation
is [19, 20, 22]:
i∂tψt(z
∗) = Hss(t)ψt(z
∗). (5)
where Hss = HS(t) + iLz
∗
t − iL
†O¯ is an exact system
Hamiltonian, for instance L = gσ− for our two-level sys-
tem. O¯ is a combination of system operators and environ-
mental noises satisfying consistency conditions [19]. The
operator describes the environmental influence without
invoking the master equation. Every quantum trajectory
is accompanied by a special process z∗, thus the system
density matrix is recovered by ρt =M [|ψt(z
∗)〉〈ψt(z
∗)|].
Suppose that the system state is initially at |ψ0〉 =
|µ〉, one basis of a completed set |ν〉’s. The system
Hamiltonian and the coupling operator could be gen-
erally expressed by HS(t) =
∑
ν ων(t)|ν〉〈ν| and L =∑
µ6=ν Cµν |µ〉〈ν| respectively,
hαβ = z
∗
tCβαδβµ〈α|ψt〉−
∑
µ′ν′
Cαβ∗δαµδβν′〈ν
′|O¯|µ′〉〈µ′|ψt〉
(6)
and Nαβ ≡ e
−i
∫
t
0
[ωα(s)−ωβ(s)]ds. The white noise
is embedded in the difference ωα − ωβ . F =√
〈ψ0|M [|ψt〉〈ψt|]|ψ0〉] is obtained by an ensemble aver-
age over the integral results in Eq. (4). For the two-level
4system initially at |1〉, we can specifically write (4) as,
〈ψ0|ψ∞〉 − 1 = −
∫ ∞
0
Q(t)N∗〈ψ0|ψt〉dt (7)
where N(t) = e−i
∫
t
0
[ω+c(s)]ds.
We employ the biased Poissonian white noise [18, 23],
c(t) =
∑
j xjδ(t − tj) satisfying the following statistical
properties:
M [c(t)] = JW, J =M [xj ]; (8)
M [c(t)c(s)]−M [c(t)]M [c(s)] =WM [x2j ]δ(t− s),
where xj ’s are noise heights. Details of numerical real-
ization of the noise can be found in Ref. [23].
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